Searching PAJ , 



PATENT ABSTRACTS OF JAPAN 

(1 1 publication number : 05-335217 
(43)Date of publication of application : 17.12.1993 



(51)Int.CI. 



H01L 21/027 
G03F 1/16 



(21) A P p.ication number : 04-139382 (71)App.icant : FUJITSU LTD 

(22) Date of fling : 29.05.1992 (72)Inventor : KENICHI 

(54) MANUFACTURE OF MASK FOR X-RAY EXPOSURE 

PURPOSETo offset the strain of a mask substantially 
and to form the mask in a desired shape by a method 
wherein, when an X-ray absorber film is patterned to a 
desired mask shape, the strain of the mask which .s 
caused due to a change in the distribution of a stress » 
simulated and a patterning operation is performed by 
using a pattern which is deformed in the opposite 
direction so as to compensate the strain of the mask. 
CONSTITUTION: The surface of an X-ray absorber o is 
coated with an electron- beam resist film. A mask 
pattern incorporating a strain pattern whose phase is 
opposite to that of a mask-strain estimation value 
obtained by a simulation is exposed on the electron 
beam resist film by means of an electron-beam 
lithography apparatus. Then, a reactive ion etching 
operation is performed by making use of the res.st film 
as a mask; the X-ray absorber 3 is patterned. A ch.p 
region 8 which has been etched selectively is deformed 
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* NOTICES * 

, This « has been treated .V — So tH. — n«y not reflect the origina, 

2 r *** S *shows the word which can not be translated. 
3Jn the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] absorption body membrane (3) on the radioparency 

[Claim 1 The process which forms an X ray aosorp mitted t0 said X-ray absorpt.on 

film (2). and the process which measures the prod uced by change of 
body membrane (3). The process^ w nch ™ body membrane (3) is carried out to 
stress distribution when patterning of sa.d X ray ^aoso p lithography 
predetermined mask shape The manufacture ^J^^^^^ body membrane (3) 
including the process which carnes out p ^rn-ng of sa d ^ ray P^ ^ ^ ^ 
by the pattern made to deform mto ha ; d *™^ is the ma nufacture approach of the 

the plane configuration and thickness of re ^ in 7* k 8 ^ P ^ y absorption body membrane (3) 

-r^ot^x^^ 

iocation fluctuation obtained in ^^IZZtTorVlZ^^ including the process 
[Claim 5] The manufacture approach of ft^m-kfar^W^ JTJM^ ^ ^ ^ p g 
which carries out patterning of the new X ray absorption d y ■ . b measure d 

Tocation of the X-ray absorption body >^^S^^^ P^ «" 

[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
daiages caused by the use of this translation. 



I.Thi. document has been translated by computer. So the translation may not reflect the original 



precisely. 

2- **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] 

[Industrial Application] Especially this invention relates to the manufacture approach °f the mask 
for X-ray Ikhography ncluding processing of the X-ray absorption body membrane formed on the 
radioparency film (mask substrate) about the manufacture approach of the mask for X-ray 

S Wcent years, with promotion of high-performance-izing of electronic equipment. multi- 
unctionalization. and the formation of small lightweight, the place in which the degree of 

integration of the VLSI which should also be called the core remains was not known but ,t ,s 
morning. If an example is taken to DRAM which is the typical device 

reduction Ruhr, the degree of integration is increas.ng by one 4 times the rate of this m 3. and 
commercial production of 16 M bit DRAM has already been performed 

[0003] At 256 M bit DRAM by which commercial production is scheduled late for the 1990s, 
memory cell area is 2 10 micrometers. It is predicted that it becomes the followmg and line 
breadth is set to 0.3 micrometers or less. xl_- „*_,„.-_+;-.-, 

[0004] By contraction of the wiring line breadth accompanying such degree-oF.ntegration 
ncrease. the wavelength of the lithography light source which the patterning toke is shifted to a 
short wavelength side, and it is thought that an X-ray lithography method becomes a subject m 

Soo^^ 

s as short as several A. nor the proximity effect which is produced .n the case of ele .^on beam 
lithography, high resolution can attain an X-ray easily. 0.1-0.5 micrometers ,s obta.ned as the 

minimum patterning dimension. . _• +■ -wo- -n y-r-_ k 

[0006] However, since manufacture of the contract.on projection opt.cs over an , X ray is 
difficult, only patterning with an actual size mask can use it. For example, a d ^"^^ s 
having the line breadth of 0.1 micrometers - about 0.3 micrometers, is formed m an about [ 20 
50mm souare ] mask field, and the resist film on Si substrate is exposed by the step-and-repeat 

WW]\n order that manufacture of an actual size mask may etch the thin X-ray absorption 
Ldy membrane on the thin radioparency film into an arbitrat.on pattern and may perform it. 
whenever [ technical difficult ] is as large as the minuteness of a processing dimens,on 
conjointly, therefore mask manufacture serves as key technology of X-ray dew opto-electronics. 

[Description of the Prior Art] An element metal with the large atomi \ numb 7;; t U ^f e ^' x a r r d ay 
W Au. is used for the X-ray absorption object which is an X-ray mask ingredient. S.nce an X ray 
log aphy mask is formed in the shape of a thin film, the mask substrate <-d,oparency film) 
which consists of a radioparency ingredient a little thicker than this mask film as the support 
plate is used. That is, an X-ray absorption body membrane is processed in the condition ot 
having deposited on the mask substrate. , . . 

[0009] SiC, Si. diamond-like carbon, etc. have the small atomic number into a mask substrate 
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ingredient. X-ray penetrability is high into it, and the comparatively t>,g th.ng o Young s modulus 
is used fo it. The mask substrate is formed in the shape of a th.n film on the need o mak.ng 
ay absorption small, in order to make the X-ray whioh penetrates open ng of an X ray 
absorption body membrane irradiate on exposure objects, such as res.st film on & ^fer^A 
substrate substrate with this thick mask substrate and usual are made to depos* on S. wafer. 

[OmS/ThTn wafer rear-face periphery is fixed to susceptor. ^ching removes these ^wafers 
other than a fixed part from a rear face, and a membrane field is formed. A membrane f*®J^ 
cons sts of an X-ray absorption body membrane deposited a mask substrate and °" .t. After 
Cing a membrane" field, patterning of the X-ray absorption body membrane ™* 
request configurations, such as predetermined Rhine and a tooth-space pattern, and the mask 

W^S^ l™ e s d workin g to the X-ray absorption body membrane and an X-ray 
SK^2Jn»mbr.n. is processed into a request pattern, change of 
arises and deformation (distorted) arises in the radioparency film and an X-ray absorption body 
membrane. For this reason, the pattern obtained will deform. mf > mhr * n(i 
[0012] For this reason, conventionally, membrane format.on cond.t.ons and a me ^ bran « 
formation ingredient were chosen, and the laminated structure of an X-ray absorption body 
membrane / radioparency film (mask substrate) was formed so that the .nternal stress of an X 
ray absorption body membrane might become low as much as possible. 

[Prob?em(s) to be Solved by the Invention] However, it is very difficult to negate completely the 
^mdrtress of an X-ray absorption body membrane. It becomes the magnitude wh.ch cannot 

P-duce if'patterning of an X-ray absorption body membrane ,s performed 
after etching of Si wafer when the area of a membrane field »s large especially. 
WJSZ the pattern of a VLSI repeats and carries out efficiency of the .as .process .to 
same Si substrate which should form a device, if distortion .s in each mask, a pattern will sh.ft 

mSfor this reason, high precision patterning cannot be Performed but the yield > ^sharply. 
The purpose of this invention is offering the manufacture approach of the mask for X ray 
lithography a radioparency pattern with little deformation from a request configuration being 
obtained. 

[Me 1 a 6 ns for Solving the Problem] The manufacture approach of the ^^T^^^ ° f 
this invention includes the process which forms an X-ray absorption ^™£™£* 6 
radiooarencv film the process which measures the internal stress committed to said X ray 
7 b trZo LT^Jr a ne. the process which simulates distortion of the mask produced by 
change of stres's distribution when patterning of said X-ray absorpt.on ^™£™o ,s earned 
out to predetermined mask shape, and the process wh.ch carries out pattern "8 °f *a.d X ray 
absorption body membrane by the pattern made to deform into hard flow so that sa.d mask 
distortion may be compensated. 

[Function] By inserting in distortion by the opposite phase in the drawing process of a mask 
pattern, distortion will be negated substantially and the pattern of the mask which deformed with 
the internal stress after etching will be obtained in a desired configuration. 
[0018] Hereafter, this invention is described in more detail based on an example. 

[Example] Drawing 1 shows the structure of the mask for X-ray lithography by the example of 
this Xtop view is shown in the upper part among drawing, and a secfonal v,ew .s 

[0020] Rr^thrradioparency film (mask substrate) 2 which consists of a material which 
penetrates an X-ray is deposited on the Si wafer 1. The field display flatness 
wafer 1 is measured in this condition. Since Si wafer will curve convex or convex if tensrfe stress 
and compressive stress have arisen in the mask substrate 2. .nternal stress can be known from 
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the deformation. 0 . 

[0021] Then, the X-ray absorption body membrane 3 is depos.ted on the mask substrate Z and 
the field display flatness of the Si wafer 1 is measured again. This result shows the internal 
stress in the laminating of an X-ray absorption body membrane and a mask substrate. It the 
measurement data before and behind X-ray absorption body membrane membrane formation is 
contrasted, the internal stress generated in the X-ray absorption body membrane 3 intenor can 

[0022] Therefore change of the internal stress distribution generated when dirty-off of the X- 
ray absorption body membrane 3 is alternatively carried out at the following process is expected 
and the strain distribution (deformation) generated in the X-ray absorption body membrane 3 and 
the mask substrate 2 under it can be simulated. Therefore, in order to arrange the pattern after 
deformation in a request location, it is turned out whether what we should do with a variation 
rate at the beginning. 

[0023] Then, the rear-face periphery of the Si wafer 1 is fixed to a housing 4. wet etching 
removes the field (central field) of Si wafers 1 other than the part in contact with this hous.ng. 
and the membrane field 7 is formed. 

[0024] Next the electron-beam-resist film is applied to X-ray absorption body membrane 3 front 
face and the mask pattern which inserted in the distorted pattern of the mask distorted forecast 
obtained in the above-mentioned simulation and an opposite phase is exposed on the electron 
beam-resist film with electron-beam-lithography equipment. Exposure of the electron-beam- 
resist film obtains the mask transformed beforehand. 

[0025] Subsequently, patterning of the X-ray absorption body membrane 3 is carried out by 
reactive ion etching (RIE) by using the resist film as a mask. The chip field 8 where selective 
etching was performed deforms by change of internal stress distribution. If the mask of the 
electron-beam-resist film 5 is removed, the mask for X-ray lithography in which the alternative 
radioparency field was formed will be done. 

[0026] Here, it can consider as the thing of a request of the mask shape acquired after the 
selective etching of an X-ray absorption body membrane by transforming the pattern 
intentionally at the time of exposure (variation rate). 

[0027] In addition, when internal stress has a certain amount of distribution or it is hard to 
expect change of the stress distribution by the selective etching of an X-ray absorption body 
membrane sufficiently with high precision, it is more desirable to once carry out selective etching 
of the X-ray absorption body membrane based on simulation, to measure the mask pattern 
actually obtained as a result, to feed back a result, and to perform selective etching of a new X- 
ray absorption body membrane again. 

[0028] Moreover, if the aspect ratio which removed the deposition thickness of the X-ray 
absorption body membrane 3 by the patterning width efface (Rhine and tooth-space width of 
face) of an X-ray mask becomes large, it will become inadequate [just two-dimensional strain 
distribution prediction ]. . _ 

[0029] That is, by the Rhine-like X-ray electric shielding pattern, the stress of the direction ot a 
right angle is easy to be released in Rhine, and the stress of a direction parallel to Rhine is hard 
to be released. Since extent of destressing changes with height from a radioparency film surface, 
three-dimension-analysis is desired. 

[0030] It is desirable to simulate the stress distribution in the X-ray mask longitudinal section by 
making an aspect ratio into a variable in this case, to predict the mask distortion by three 
dimension-stress distribution in addition to the stress distribution based on two-dimensional 
analysis, to search for the strain distribution within a flat surface, to perform mask patterning 
which inserted in that opposite phase distorted pattern, and to manufacture the mask for X-ray 
lithography. . 
[0031] Hereafter, a concrete example is explained more. The mask substrate 2 which is used as 
a support substrate and which uses a CVD method, for example on the Si wafer 1 with a 
diameter of 4 inches, and consists of SiC with a thickness of 2.5 micrometers is formed, and the 
X-ray absorption body membrane 3 which consists of Ta with a thickness of 0.8 micrometers by 
the spatter on it is deposited. The built-in stress of Ta film is calculated by measuring the 
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SmoS it Is moTexact at this time if the iooation and configured,; of each pattern are 
only by adjusting the location of the stage in wh.ch a mask is laid in EB -P osu ' e . 

SSfSS ^TKi etchin. performs patterning of the X-ray absorp*, .body 
membrane 3 by using as a mask the resist film 5 by which patterns was earned out. R.E ,s 
performed without heating using the gas of for example, a chlorine system _ 
moaal Since the dirty rate of this anisotropy dry etching is large with a metal and ,t is smart at 

the rsk substrate 2 works as a stopper. The chip fieid 8 which contains this result, for 
example Rhine and a tooth-space pattern by 0.8-micrometer width of face is fermed 
[0039] » the electron-beam-resist film 5 is removed, the mask for X-ray Myography of the 
Sure shown in drawing 1 will be obtained. The example of the resist with a built-in opposite 
ZeTstlrfeTpatteTn-fo^ed in the chip field 8 before the selective etching of a„^ ^ay 
absorption body membrane is shown in drawingj! (B). In the case of an about [ 25mm square ] 
chip field, distorted maximum can be set to about 0.2 micrometers or less It is the 1 1 field of an 
dictron ray aligner 1mm 2 If it stops below, even if it applies feedback only to a stage by the 
iep-end'epeaTmethod, degradation of the bond precision of each field will be suppressed by 

S mask shown by drawing 2 (B). st^ss ^^^l^ k ^^^^ 

:srg^ 

Si wi*h o face of 0 4 micrometers, and an aspect ratio 2. even if it amends us.ng the two 
?men.Ton2 slain distribution simulated by two-dimensional analysis from the stress .measured 
vie before and behind Ta sputtering in the above-mentioned example, a suffiaently high 
SSSCrt^iS^ -ample of the strain distribution acquired when a radioparency 
Sask sSfformed. A 24mm one-side chip field is divided into one-sjd ea^rns^, 
and a Din-like segment shows migration of the reference point in each subsection. Contrast of 
dra^ng 2 Sand 8 drawing 3 (A) shows that the error has arisen in the distorted two-d,mens,ona( 
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distribution by the stress distribution which changes with formation of a mask pattern. This can 
foV/sj'^ema^ longitudinal section which cut the big mask of an aspect ratio at right angles 

section 5 0x108 dyne/cm2 If it simulates as a uniform thing, distnbut.on l.ke drawing 3 (B) wll be 

pralle. to Rhine remains. Actually produced distortion can be •'""'^^^f^'^S, 
searching for such strain distribution in the longitudinal sect.on according to the P a " ern ^ ,ch 
should be formed, and searching for the three-dimension-strain distribution inserted ,nto the 

-nded by making obtained distortion into an 
opposite Phase and it returns to the stage of electron-beam-lithography eou.pment. the h.ghly 
precise mask for X-ray lithography can be manufactured. m u__ n _. o in th P 

row] Although Ta was used as a material of the X-ray absorption body membrane 3 in the 
EESSEd example. W. Au of the ability of other heavy-metal ingred^nts to be , used. e c. 
are obvious besides this. Moreover, other ingredients, for 

with Youngs modulus high as an ingredient of the mask substrate 2 etc. can be used. Of course, 
the ingredient of a housing 4 can also be chosen vanously. 

for various modification, amelioration, combination, etc. to be possible. 

[Effect of the Invention] As explained above, according to this invention, the mask for X-ray 
lithography with a location precision high as a result can be obtamed. 

[Translation done.] 
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